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FOREWORD 



The occupational analysis project was conducted by The Instructional Materials Laboratory, Trade 
and Industrial Education, The Ohio State University in conjunction with the State Department of 
Education, Division of Vocational Education pursuant to a grant from the U.S. Office of Education. 

The Occupational Analysis project was proposed and conducted to train vocational educators in the 
techniques of making a comprehensive occupational analysis. Instructors were selected from Agricul- 
ture, Business, Distributive, Home Economics and Trade and Industrial Education to gain experience 
in developing analysis documents for sixty-one different occupations. Representatives from Business, 
Industry, Medicine, and Education were invcrtved with the vocational instructors in conducting the 
analysis process. . . 

' The project was conducted in three phases. Phase one involved the planning and development of the 
project strategies. The analysis process was based on sound principles of learning and behavior. Phase 
two \«as the identificauon, selection and orientation of all participants. The training and 'vorkshop 
sessions constituted the third phase. Two-week workshops were held during which teams of vocational 
instructors conducted an analysis of the occupations in which they had employment experience. The 
instructors were assisted by both occupational consultants and subject matter specialists. 

The project resulted in producing one hundred two trained vocational instructors capable of conduct- 
ing and assisting in a comprehensive analysis of various occupations. Occupational analysis data 
were generated for sixty-one occupations. The analysis included a statement of the various tasks 
performed in each occupation. For each task the following items were identified: tools and equip- 
ment; procedural knowledge; safety knowledge; concepts and skills and maiheniatics, science and 
communication needed for successful performance in the occupation. The analysis data provided a 
basis for generating instructional materials, course outlines, student performance objectives, criterion 
measures, as well as identifying specific supporting skills and knowledge in^hejicade m^ subje ct 
^reas. . — ~ — - — 
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PREFACE 



The information compiled in this document is ?a analysis of the required 
skills used in the performance of duties and tasks by the average welder. It 
includes the basic manipulative skills and technical information in the fol: 
lowing four areas: oxy/ acetylene, electric arc, tungsten inert-gas arc, andf 
metaihc inert-gas arc welding. 

1 
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JOB DESCRIPTION 



welder selects equipment, plans layout and welding procedure while 
applying knowledge of basic measurement skills and concepts, and the weld- 
ing characteristics and physical properties of metals; sets up equipment and 
welds parts using arc or gas welding, equipment; repairs products dis- 
mantling, straightening, reshaping, 'and re-assemblings them using cutting 
aorch, straightening equipment and proper hand tools. 

A\ welder also secures parts in position for welding by clamping, tack weld- 
ing, or bolting; fits and welds components which have been fabricated, cast, 
or fpfged to assemble structural forms according to blueprings; performs 
welding operations in the flat, horizontal, vertical and overhead positions, 
utilizing all types of joint design. 
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DUTY I. OXY/ ACETYLENE WELDING 

A. Set up and test equipment 

B. Oxy/ acetyl weld mild steel 

C. Oxy/ acetyl weld pipe 

D. Oxy/ acetyl weld cast-iron 

E. Braze mild steel 

F. Braze cast-iron 

u. Silver Braze stainless steel « 
H. Silvfer braze coper alloys 
i. Cut using oxy/ acetylene 
J. Form and bend 
K. Hardface 
iL. Soft solder 
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DUTY II. ELECTRIC ARC WELDING 



A. Set up equipment for electric arc welding 

B. Arc weld mild steel 

C. Arc weld pipe 

D. Arc weld stainless steel 

E. Arc weld cast iron 

F. HaFdface 

G. Cut metals 
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DUTY III. TUNGSTEN INERT-GAS ARC WELDING 

A. Set up Tungsten Inert-Oas welding equipment 

B. TIG weld mild steel 

C. TIG weld pipe 

D. TIG weld' stainless steel 

E. TIG weld aluminum 

F. TIG weld cast iron 

G. Hardface 
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DUTY IV. METALLIC INERT-GAS ARC WELDING 

A. Set up equipment for Metallic Inert-Gas welding 

B. MIG weld carbo,n steels 

C. MIG weld pipe 

D. MIG Weld aluminum 
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ABBREVIATIONS 



Acetyl— Acetylene 
M,S.— Mild steel 
Oxy— Oxygen 
S.T.— Standard tools: 



center punch 

clamps 

cold chisel 

combination square 

compass 

dividers 

files 

hacksaw 

hammer-cfiipping 



hammer-ballpeen 
marking crayon 
pliers-combination 
pliers-vise grips 
protracters 
screwdriver 
scriber 
steel rules 
tape measLre 
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INDEX 
EYE PROTECTION 



Some type of eye protection should be worn for all operations where open flame and/ or arc 
welding is being performed, both by the operator and those who may be required to be close by. Tht 
oxy-acetylene, flame and molten puddle, has a high temperature and concentration, emits a large 
eqantity of ultra-violet and infra*red rays which are injurious ""to the eyes and skin. Special lens in 
goggles and face shields^ of a green or amber shade filter out most of these harmful rays while allow- 
ing the green, orange and yellow rays to pass through. These lenses come in shades numbered from 
one to twelve. Two factors must be considered when determining the numbered lense shade to be 
used for best visibility of puddle detail with the least amount of eye strain and skin bum or injury. 
First, the intensity of the flame or arc; second, the size of the pool of molten metal. The following is 
a list of recommended lens shades to be used for different operations: 

OPERATIONS LENS SHADE 

Soft soldering and light brazing 

For heavy silver-brazing, bronze welding and brazing; and wleding of light 
gauge metal with open flame (oxy-acet) 

For medium welding, heavy brazing with oxy-acet 

For heavy welding and burning with oxy-acet 

For very light Tig welding (up to 10 Amp) and for short periods of time 
(one to five min.) 

For medium Tig welding (10-100 Amp) and light arc welding (stick electrode) 
For heavy Tig welding and medium arc welding (up to 200 amps) 
For amp exceeding 200 

These are, of course, all recommended uses. A good rule to follow is to use as dark a lens as possible 
with maximum visibility and a minimum of discomfort for the operator. 
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INDEX 
SAFE PRACTICES 
IN WELDING 



I. Introduction: 

Safety is a major objective in every welding shop. It is the most important attitude a 
operator must learn in becoming a proficient tradesman. Therefore the goal of these 
safety policies is to provide a strong safety program for the benefit of all involved. 

II. General Safety Precautions: 

1. Walk— do not run in shop areas. 

2. Remember horseplay has no place in the shop. 

3. Work with tools, machines and equipment only after having received proper 
instruction. 

4. Get help for lifting heavy or awkward objects. 

5. Wear approved eye protection at all times. 

6. Report any and all injuries immediately. 

7. Never throw objects in shop area, distraction and injury can result. 

8. Be careful of long Hair around moving parts of machinery. 

9. Be considerate for safety of others. 

III. Safety Precautions for Metal Saws. 

1. When turning on power, stand to one side of saw frame, and adjust speed to suit work. 

2. Mount work only when saw is stopped. 

3. Support protruding, end of work or material being cut so end will not fall and 
cause possible injury to anyone. 

4. Be sure that the blade is in good condition before using. 

5. If blade breaks in work, shut off power and do not attempt to disengage blade 
from work until the machine has come to a stop. 

IV. Safety Precautions for Drill Press 



2. Chuck wrenches must be removed from drill chucks before starting the machine. 

3. Ne er attempt to hold work under the drill by hand. Always clamp work to table. 

4. Change belt for speeds only when power is "Off.** 

5. Run drills at proper speed. Forcing or feeding too fast may result in broken or 
splintered drills and serious injuries. 

6. Keep your head back and well away from any moving part of the drill press. 
V. Safety Precautions on Grinders— Pedestal Type: 

1. Stand to one side out of line of wheel when starting it up, especially if wheel is new. 

2. The face of the wheel must be flat and free from grooves. 

3. Make sure the tool rest is only one-eighth inch from the face of the wheel. 



Check this distance, too much clearance may cause the job to jam the wheel and 




break it. 
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4. Do not set tool rest while machine is in motion. 

5. Work should be fed slowly and gradually. Using too much pressure or striking wheel 

suddenly, may cause it to break. ^Sfi 

6. Hold job against wheel firmly so that it will not slip out of the hand and cause hands 
and fmgers to come in contact with wheel. 

7. Use clamp or other suitable holding devices for grinding short pieces. 

8. Stop wheel if it chatters or vibrates excessively. This may be a danger signal that the 
wheel is not properly balanced or not attached securely to spindle. 

9. Always use face shield or goggles even if grinder is provided with protective glass 
shields. 

VI. Safety Precaution on Sheet Metal Brake 

1. Keep fingers clear of the mouth of the machine when closing down on the metal. 

2. Use care when inserting or removing sharp edged 'sheets. ^ 

3. Make sure counterweight bars do not strike others while working. 

4. Get assistance when bending large thick material to avoid backstrain. 

5. Keep fingers out of pjnch area as the metal is bent, especially on maximum capacity 
bends. 

VIII. Safety Precautions on Shears and Punch 

1. Fingers must be kept out of the cutting or punching area. 

2. Keep your attention on the job; avoid distractions while working. 

3. Always use properly installed guards. 

4. The shear and punch will be operated normally by one person only. 
IX. Safety Precautioifs on Squaring Shear 

1. Keep fingers clear of the blade and never under the hold down bar. 

2. Never reach behind the shear to support metal. This places you in an awkward 
position, subject to a fall and puts fingers in a blind area. 

3. To -avoid crushing toes, keep feet clear of the pedal. 

4. Use care in handling sheared razor sharp metal. 

5. Never cut excessively small pieces on a shear; use hand snips. 

6. The shear is a one man machine; use accordingly. 

7. In leaning forward as blade is depressed, people tend to keep balance by grasping 
the top of the large outer-casting. After the blade has descended, it is possible to in- 
sert a finger inadvertently into the slide, as the blade returns, a very serious 

crush can result. 
X. Safety Precautions for Hand Tools 

Hand Tools, General: 

1. Clamp work securely in vises, but do not hammer on vise handles. 

2. Remove filings and chips from bencehes with a brush, not the hands. 

2. Do not allow work to project from vise or bench and cause obstructions. 

4. Use the correct size wrench for the job. 

5. When using cutting tools, direct the cutting action away from you. 

6. Mushroom heads on chisels, punches, etc., should be eliminated continuously. 

7. Avoid carrying tools in pockets. Screwdrivers, etc. can injure you if you fall. 

7sr 
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8. Inspect hand tools before using. 

9. When using tin snips or other similar tools, avoid letting flesh come between the 
handles. Pinches and blisters generally result. 

10. When using a chipping hammer, chip toward wall or shield to protect others from 

flying chips. 
Screw Drivers 

1. Select screw drivers to flt screw head being used. 

2. Keep screw driver handle smooth. 

3. Dojiot use a hammer on a screwdriver handle. 

4. Avoid holding work in the hand when using a screwdriver on it, as it may slip and 
cause^ stab wounds. 

5. Never grind a screwdriver to a chisel edge. 
Wrenches 

1. Discard wrenches that are spread. 

2. Select open*end wrenches to fit the job. 

3. When possible, avoid using an adjustable or monkey wrench. 

4. If a wrench has been burred, grind off the rough spots to avoid cutting the hands. 

5. It is generally safer to pull wrench toward yourself , than to push it away from you. 

6. Be sure that your knuckles will clear obstructions when the wrench turns. 
Hammers: 

1. Hammers that are chipped should be discarded. 

2. Never use a hammer that has a loose or split handle. 

Chiseb: • "... 

1. In using a chisel and hammer, keep the chisel head free from burring by grinding it if 
necessary. 

2. Where chips may fly, use a shield to protect others. 

3. Hold the chisel and hammer firmly. 

4. Do not use a chisel with a mushroomed head. 
Files: 

1. Always use a file with a handle. 

2. Never use a file as a pry b^r. 

3. Keep firm grip on file at all times. 

4. Do not blow filings so that they can go into anyone's eyes. 

5. Make sure the work to be filed is securely mounted. 
Pliers: 

1. When using pliers, keep hands clear of the pinch area. This may be at the rear of the 
bolt as well as ahead. 

2. Place hands over short wire pieces, coUer pins or other small items being cut. Such 
items tend to fly and may cause eye injury. 

3. Remove any burrs caused by pliers which can cause injury. 
Hacksaws: 

1. Use the correct blade for the job. 
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2. See that blade Js securely fixed in the frame. 

3. When the saw breaks through work, ease up on the pressure so that the hand will not 
strike the work or vise. 

XVIII. Electric Arc Welding 

1. Avoid looking at the arc or flash unless equipped with appropriate dark glasses. 
' 2. Helmets and welding goggles must be free of cracks or holes permitting penetration of 
intense light. . . 

3. Wear protective clothing to help protect the skin from intense rays. 

4. Always wear gloves. Leather gauntlet type that can be thrownooff are recommended. 

' * 5. Where necessary, wear leather aprons, arm coverings or other protection to protect 

from molten metal or hot sparks. 

6. Where a helper is used, he must be protected the same as the welder. 

7. Wear high type shoes rather than undercut shoe^. 

8. Always wear eye protection when chipping. Never chip if there is a possibility 
someone nciarby without glasses will be struck by flying chips. 

9. Keep sleeves and pants cuffs rolled down and collar buttoned up. 

10. Never touch a, piece of metal in the welding area if uncertain about the temperature. 

11. Mark hot metal to read '*HOT." 

12. Do not handle excessively hot metal with gloves unless cool area beyond hot spot 
permits safe handling. 

13. Exercise good judgement in selecting welding jobs. Automotive work is especially 
hazardous due to fuel tank, fuel line, hydraulic lines, flammable upholstery, etc. 

14. Special metals require the use of respirators to protect welders from harmful fumes. 
Adequate ventilation is always desirable, especially when welding galvs^ized materials. 

15. Toxic gas, phosgene, is formed when the ultra-violet rays of an electric arc come in 
contact with chlorinated degreasing solvents. Metal cleaned with xarbon tetrachloride 
and trichlorethylene should not be welded until throughly dried. 

16. Never strike an arc on compressed air cylinders. 

17. Work in dry area. 

18. Do not get wound up in your work! Keep cables free from your body so you can move 
freely, especially should your clothing ignite or some other such accident occur. 

20. Ground work before turning on welder. 

21. Do not change polarity or connections while a welder is being used. 

22. Keep floor free of electrodes once you begin to weld. They could cause a slip or fall. 

23. Place stubs in metal container. 

24. Never tack weld without a helmet. 

25. Keep clamps and other tools off the floor and put away. They can cause a fall. 

26. Ground the work before turning on welder. 

27. Keep clamps and other tools off the floor and put a^yay. They can cause a fall. 

28. Replace the cables by coiling them to eliminate tripping hazards. 
XIX. Oxy-Acetylene tVelding 

1. Before attaching a regulator to a cylinder valve, **crack** the valve to blow out dust 
and dirt. . 
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1 Do not use oil on the torch, blow pipe, valves, regulators, or any other portion of the 
equipment. 

3. Check for leaks whenever you change tanks or suspect a leak. 

4. Leaks around equipment should be checked with soapy water, never a flame. 

5. Should you suspect a leak in any equipment, stop until repairs are made. 

6. Avoid the use of pliers on apparatus. Use torch wrench and turn right for oxygen 
connections and left for gas or acetylene connections. 

7. Keep cylinders in upright position. 

8. Open cylinder valves gradually. 

9. Open the oxygen valves wide to prevent leakage: 

10. Open acetylene cylinder valve one-eighth to one-quarter turn. 

11. Keep wrench on acetylene cylinder valve while in use so it can be shut off quickly if 
necessary. > 

12. Under no circumstances will acetylene pressure exceed IS pounds. If used in excess of 
this amount, an explosion may result. 

13. Make sure connections are tight when you change tips or other apparatus. Do not 
overtighten. ^' 

14. Do not use oxygen to blow dirt off your clothes. 

15. Use correct type eye protection for all operations. 

16. Keep your welding equipment in good, clean, dry condition. 

17. Use ventilating system or means of ventilation provided. 
1^. Keep welding area neat, clean^and dry. 

19. Make certain the fire extinguisher is in place and that you know how to use it. 

20. Do not permit autos or equipment to run over the hoses. Protect them from sharp ob- 
jects, kinks, etc. 

21. Keep the hose out of the way so it does not become a tripping hazarid. 

22. Make sure you do not drag the hose over hot metal scrap when cutting. 

23. Use flint spark lighters, never matches or cigjarette lighters. 

24. Purge oxygen and acetylene line before lighting torch. 

25. Use special care when cutting so hot pieces do not fall or tumble onto feet. Do not 
stand with feet so close to th^ cutting that they are subject to intense heat, sparks, and 
molten metal. 

26. Never lay down or hand up a lighted torch or blowpipe and leave welding station. 

27. Hot metal should be marked **HO'P with chalk or soap stone. 

28. Adjusting screws on regulators should always he released when not in use. Turn the 
screw out counter clockwise. 

29. Never allow a cylinder to fall. They are under high pressure internally and can explode 
if ruptured by a sudden shock. Always secure cylinder tc a stationary object. 

30. Never use oxygen or acetylene directly from tanks without the use of regulators. 

31. Cylinders should not come in contact with electric wires. 

32. Never tamper with the fusible safety plugs. 

33. Acetylene piping, hoses and fittings should be color coded "Red.*" 

34. Never "crack*' a cylinder in the vicinity of an open flame or fire source. 

35. Keep protective cylinder valve covers secured on cylinders when not in use. 



